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This study investigated the effects of stimulus 
presentation rate on primacy- recency effects in children. A 
modification of the Digit Span task used in the Binet arid H^hsler 
intelligence scales provided the basic memory task administ^ed to 56 
male school children in grades kindergarten, second, fourth, and 
sixth. The specific design required children to verbally recall 
'serial strings of digits presented at various rates of interdigit 
intervals. It was assumed that effective recall would be a function 
of general maturation and of the development of cognitive strategies. 
Age, delay, and age x delay were all significantly related to the' 
number of digits correctly recalled^ Eesults indicated that the 
traditional interpretation of the primacy effect as reflecting 
long-term memory store may not be valid. Eatter, primacy effects- may 
reflect differential encoding of material as a time-dependent 
process. (Author) ^. 
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^fho developmental literature consistentJy supports the proposition tl^at 
as children mature they develop the ability to use mediational strategies • 
appr.ipriately and effectively in dealing with memory tasks (Belmont and 
Buttcrfic-Id, 1969; Flavell, 1970; Flavell, Friedrichs & Hoyt 1970; Hagen, 
1971; Neimarck, Slotman, & fLricM, 1971). A mediational strategy (e.g. 
r.'hcarsal, mnemonjc devices) presumably is .employed tp move information fiom 
shc^t-to long-term store. 

f.fncr.illy, developmental memory theorists adhere to the dual monory model 
or v;iri.ii i.-.as thereof (.Waugh & Norn.an, 1965; Atkinson & Schiffrin, 1968, 1971). 
Ti .:, ixrJel p.;.rceives the memory process as being a dichtomy composed of ..a 
sln-iL- .i..d lonr.-term coniponenu; these sl.ort- and long-term components are 
dymr,ic.-.ny cKEf-erent Trom each ot>.er, having different encoding and forgetting 
rhnrarrt-r i Plies. 

Primacy-roconcy rncall has traditionally been interpreted iin terms of ■ 

I .ixS iiM.i] -i',f uivM V iiuMiiM TwHfl^in.-v. I ^7uV R;4vj i PM» I V . rf^nall r-rnrr) r h o' i .-n" r i -,1 

^portionr, of tlio serial curve (primacy) are thought to reflect long-tcnV 
rvniory vh i ] e recall from the terminal portions of the list (regency) is thought 
to -eflec L short-term mcniory (Glanxer, 1972). Essentially, it! is felt that 
iiiit^l items can be rehearsed or encoded into long~termfstore| because of 
/.n.Mt.er riaonnt of Luno available.' Conv.arsely ,i the terminal pdrtions of the 
li^U are kept in short-Lerm store for immediate recall becaus^ of time constraint 
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Recent lyj^ memory researchers have criticized this dual m9dcl inter- 
preLation of the primacy-recently effect. (Wlckelgren, 1973; Murdock, 1972). 
Shulman (1971) feels that encoding may be a serial process with phonemic 

if ' 

featured encoded first and semantic features encoded later. While this may 
be a tiine dependent process it does not demand a dual memory model.) Primacy*- 
recency effects may simply reflect different encoding mechanics rather tjian 
dynamically dichtomous short'- and long-term operations. . 

Therefore, developmental primacy-recency effects may not be as validly 
\ . interpreted as reflect/ing short- and long-term recall as some investigators 
believe (BelmOnt & Butterfield, 1969; Frank & J^abinovitch, -197^ ; Tulving & 
Patterson, 1968), 

The present study was designed to investigate the relationship of stimulus 
presentation time on the recall of serially presented digit recall in children 
(K, 2, 4, 6). Tn adults the bulk of the. evidence suggests, in accordance 
with dunl-T;io:nory thi»ory, that r^:»call increases as stimulus presentation times 
inrre.ise (Pol lark, 1952; Pollack, Johnson & Knoff, 1959; Pollack & slohns-on, 
1963; Pos'ier, 1963). However, sbme evidence suggests recall in adults increases 
as a function of shorter* presentat ion times (Fraser, 1958; iqnrad & Hille, 1958). 

f, 

Subj ects 

• «« 

The subjects were fifty-six male^ children from the Gainesville Public 

T 

School system, fourteen each fron gtades kindergarten, two, four, and sixth. 
Each subject v/as Screened for learning problems, and each subject had an I,Q. 
witliin the nornal range of intelligence (mean l.Q. and. standard deviations 
for K, 2, 4, and 6 respectively, ".103. 4, 4.9; 100.5, 6.9; 101.7; 4.7; and 
102. 2, 6. }6) . ■ " / 

• . • ■■ 3 ' 
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Apparatus 

* In order to minimize distraction the digits were presented vi^ audio 
tape to both ears through headphones. The source tapes were generated on 
a reel-to-loop dub mechanism at a constant 70 db> and word length was held 
constaht (250 milliseconds plus~or-minus 15 milliseconds). 
Procedur e 

Prior to each treatment presentation a stai-^dard pure tone hearing test 
4^ was administered to each subject to insure against possible transitory dec- 
remonts in hearing. Tlie test conditions ranged from 20 to 40 dbs over 12S 
to 8000 cps. (Beltone Audiometer, model //10-C) 

There wcm'c four treatment conditions reflecting four variations of 
inter-digit delay (100, 600, 1100, and 1600 milli-seconds) . Each subject 
received a random presentation of treatment conditions. The digits were ad- 
niinif'lorc'd a.s in Wcchsler with* the number correct reflecting the highest 

number ronicmhered in order up to two consecutive failures on the same* trial. 
Tlio serial lii^ts v;crc consecutive sets of one to nine digits. Each subject 
received all nine rriais regardless of where he failed. In order to mini- 
Kiixe DOosibie practice and/or carryover effoc\s the subjects reeeived three - 
of the treatments at 24 hour intervals, and the last treatment 48 hours after 
the previous three due to scheduling problems with the school. Inspection of 
the data revt^aled that this distribution of times did not> adversely 4^fect 
• the outcome . ' ' 

I Results 
The, digit recall data, were subjected to a Split Plot Factoral Ahalysis 
of Variance (Kirk, 1969) with repeated measures on the delay factor ; (Grade: 

■.. ■ 4 
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- 2/.. 09. df = 3/52. £ < .01; Delay: F = 10.04, df = 3/156, £ < .01; Grade 
X Delay: . F = 2.05, df = 9/156, £ < .05). 

, The significant Grade x Delay interaction is displayed graphically 
'•'f:t«ro 1. In addition to reflecting the superior recall of subjects at 
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Insert Figure 1 about here 



'^'r.lHT }..rade levels (4 and 6), the graph also demonstrates the poorer rdcall 
ycMUM-cr children (K and^ 2) as intervals increased. That -is, the older • 
c^l'ildrcn (4 and 6 grade), were able to recall as much at the fastest as \ 
^^•''.I'.nvd to the slowest conditions while the younger childrens' recall- declined 

•'ill.-jil ly. " 

Vui-Lh.T„>ore, recall scdres were significantly higher for all grades (£ < 
•f^' l ) io tho U,00 ..s compared to the 1100 m«c . conditions. In general, recall 

gvadually decreased from the 100 through 1100 msc, conditions then 
!'!^•'<•a^a.d between the 1100 and 1600 msc. conditions (means; 100 = 5.'31; 600 = 
•''«''; I 100 ■ ',.78; 1600 - 5.02). ^ 

A Postejnori nairwisp roPinnriRon? for the ninin effect of Grade were all 
■^^nnificnnt (£ < .01), except for the comparison between the fourth and sixth 
*'''<"l^s. In general, recall scores Increased across grade level (means: 

'!.72; 2 - <r,.5; 4 = 5.^3; 6 = 6.01). Additionalally , A Posteriori pairwise 

< — " " 

c-On,j,arif.ons for the main effect of Delay showed that recall scores in the 100 
-■••^^f'. rondition were signlficantly higher (£ < .05) than those in the 600, 
'100, and 1600 rnsc>\conditions . * / ^ 



Serial Po s ition Curves for the R ec all jpata v 

In order to further investigate the nature of \he Grade x Dealy intei 
action traditional priinac'y-recency curves were separately constructed for 
serial digit strings of three- through eight digits; the curves constructed 



for the eight dlgit^ strings under the 100 and 1600 ro^c. Ibnditions were the 
0 • 

most rep;resentativc regarding primacyrreceticy effects.. 'Figure 2 show^ tlJe 
serinl jposition curves for the 100 msc. conditions for each grade. v THe 
^iinncy-reconcy effects we.rc not substantially difference from each othel at ' 
'this rate of presentation. ^Indeed, eV^n at this rapid rate of presentation 
traditional grade-related primacy-recenlar**^fects emerged. In general , /upper 
grade children were superior to lower grhde children in bot^h prdmacy anj 
recency recall. However, incVeascd inter-digit delays (1600 msc,) produced 
an interesting effect, and is most clearly depicted in Figure 3. Whilfe recency 
o ff ec'ts were very similar across grade ' levels in the 1600 msc, condition, 
tliere was a dianintic differeffV? in the primacy scores. Basical5.y, kinder- 
p.arun subjects displeiyed very poor primacy rec\li followed' by second grade ^ 
subject s, while .primacy recall in the fourth and sixth grades was veiry similar 
to the recej^ry effect for these latter grades. 



Insert Frgures 2 & 3 about here 



Discussion 

Tlie present study examined the development of serial digit Recall unde;r 
different inter-di^it delay conditions in- an effort to acquire information 
re^cirding the uae- of nediational stratfegles. In general,^ it wds assumed that 
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short Intor-digit intervals would interfere with the use of mediational strat- 
egies and tliercby reduce recall efficiency in olper cMldren, Converaely, 
long inter-digit intervals would be presunts^bly mfore conductive to the utiliza-^ 
tion of medlcitional strategics, and would therel|ore increase the efficiency of ■ 
digit: recall. 

Evidence suggestive of possible mediaLionafl strategies emerged from the 

• ■ / 

analysis of the serial position data under the/jOO to 1600 millisecond conditions. 

^otb conditions depicte.d- the expected or typically, obtained superiority of 

ligit recall for the inijtial and final digits/ of a series. Additionally, 

there was increased superiority of digit recall with- increased' age • Ho^^^ever, 

tlicre was a striking difference betwcea the /two treatment conditions as 

indicislfod by the marked inf eriorit:^of prlmicy recall, under the 1600 millisecond 

condition for the kind(?rgarten subjf^cts, and to a somewhat lesser* extent, for 

tl; U i>r ih : si^cnnc] grade rs. Although no b^liavioral evidence was^^^^'tained to 

su^':gosL IhriL inodiat i onal \stratogi es were Employed-, it has been inferred that • 

t ' « / ^ 

siicli agc^ielaiod d I f ft'ronces in pricat y~r['ccncy data reflect tire utilization 

/ . , . \ . 

/ ' 
of T'C'diat Tonal straLegies which somehow enable the subject to retain incoming. \ 

sc.-ffsory inforuuiLion for longer periods c/f-time (Ellis, 1969; Belmont and 



BfiTTerricld, 1969). 

. Since, there is evidence to suggesjt that five and six-year old children 
do not^hnvc niedi ntional st^togyies (Flnvell, 1970; Goulet , 1968; Rossi, 1964; 
Daeler et al. , 1969; Cole, Frankel ai/d Sharp, 1971'; Corsini et al., '1968; 

Moely et al. , 1969), or at best use/tlteni inef f ec t ively (Kendler , 1963; Luria, 

■ ■ - / • 

1961; Reese, 1962), it might be reasoned that the poor performance of kinder- 
garten chi](ilren under the 1600 tiii.yiisc;'co\id condition -reflected in' inability 
to retain, primacy in'f orinat ion\be9(ause they were unable to employ so.me 

10 



niecliatioual device which would facilitate, longer retention. Conversely, 
primacy recall for kindergarten children -may have been easier under the 100 
millisecond condition because of the shorter temporal interval between priniacy 
elements and recall. That is, digits at the 100 msc, condition were recalled 
from short-term memory. 

Surprisingly, recall was slip,htly superior under the 100 millisecond 
inter-^digit delay- conditions for subjects at all grade levels. This shorrt- 
term si^vc appears to increase with agfe between grades- K to 6. It is 
reasonable to assume that the- superior performance und^r the 100 minisecond 
condition was related to central netvous system maturation. 1 . 

Unexpectedly, the recall declined from the 100 to the 1100^ mrlllseco^ 
conditions. This decline may* reflect the interference of thescr t}ime intervals 
upon*^he recpdino of tlie information from short- to long-term memb^ ^ores . 
On ilie other hand, Llie increase in recaU from the 1100 to 1600 millisecond 
c(Midiiionn may reflect the 'successful al^ility to recade th^^f ormation into 



lon^-term memory. Older (A^V^rades) children may. have been more sophisticated 

in their nedintlonal strategic^ and h,^^nce did not decline in recall across 

conditions as dramatically as grales K and 2. Thus, it appears, that children 

from J<-6 grades can use me dj^atig ^l strategies. However, older children .use 

' >t 

then more effectively. ' ^ ^ 

•Of moHt importance to the pres6nt study is the observation of traditional 
/ 

grade-related primacy-recency effects at . *the 100 msec inter-digit iAterval 
presenlatioa rate. It does not seem reasonable to conclude that this grade- 
related primacy effect reflects long-term store at this rapid presentation i-ate, 

ft would sfMjm more appropriate to view this grade reflated primacy- 
recency effect as reflecting gejieral central r)ervous system mat ur.af Ion. 
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Specifically, pVimacy-recency " may be a time -dependent process : 'different' 

encodinR raochanics (e.g., phonemic v. semantic) may Jje employed- depending 

upon the. temporal demands of the situation (Shulman, 1971). For ejjiample, 

at rapid rat q^s of stimulus presentation phonemic caebding may be used; at 

alow rates the more. 'Cumbersome semantic^codin^ may be used. Regardless of 

what mny be the differential encoding ;^ctor4 tfie evidence of thiS". study 

sugj^osts that there ^ire different encoding preferences which share similar 

% recency but. not primacy" effects. Further, these different encoding preferences 
* • . ' . '• - ■ > 

apparently are both ago-rclated and dependent upon stifliulua/presentation rate 

V The analysis of primacy-recency effects using a.dual^emory model which 

views primacy as roflocting long-term store extl usively does not appear to be 

consistent with tli^s data. - • " " 
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